In contrast to randomized controlled trials (RCTs), changes in maintenance pharmacotherapy in clinical practice occur without a washout period. The Prospective cohort study for the real-life effectiveness evaluation of glycOpyrronium With indacatERol combination in the management of COPD in Canada (POWER) study evaluated the real-life effectiveness of indacaterol/glycopyrronium (IND/GLY) following a direct switch from a long-acting muscarinic antagonist (LAMA, tiotropium) or long-acting β 2 -agonist (LABA)/inhaled corticosteroid (ICS) maintenance treatment (salmeterol/fluticasone [SFC]). Methods: POWER was a single-cohort, prospective, multicenter, interventional study in which patients with moderate-to-severe COPD, who remained symptomatic on their current treatment of once-daily (od) tiotropium 18 µg or twice-daily (bid) SFC (any dose), were switched to treatment with open-label IND/GLY 110/50 µg od for 16 weeks. Effectiveness end points were change from baseline in trough FEV 1 , transition dyspnea index (TDI) total scores, and COPD assessment test (CAT) scores at 16 weeks. Results: Trough FEV 1 improved by 175 mL at Week 16 in patients who switched to IND/GLY. The change was 176 mL (95% CI: 135-217) when switched from tiotropium and 172 mL (95% CI: 85-258) when switched from SFC fixed-dose combination (FDC). At Week 16, significant improvements were observed in the mean TDI total scores (Δ=2.5) and CAT scores (Δ=-6.5) after the switch to IND/GLY treatment (both P,0.0001). Additionally, IND/GLY was well tolerated in patients with moderate-to-severe COPD, and no safety signal was observed. Conclusion: In clinical practice settings, a direct switch from previous treatment with either tiotropium or SFC to IND/GLY was safe and provided superior clinically significant improvements in lung function and patient-related outcomes in patients with moderate-to-severe COPD. Clinical trial registration: NCT02202616.
Introduction
COPD is a minimally reversible and progressive respiratory disease characterized by persistent or recurrent respiratory symptoms such as dyspnea, cough, and sputum production. It is considered one of the leading causes of morbidity and mortality worldwide. 1 In Canada, COPD is projected to be the third most common cause of mortality by 2020. 2 COPD has a major socioeconomic impact, contributing to an average total annual cost per patient ranging between CAN$2,444 from a patient perspective and 2 The GOLD strategy recommends long-acting muscarinic antagonists (LAMAs) and/or long-acting β 2 -agonists (LABAs) and LABA/inhaled corticosteroids (ICSs) as the maintenance treatment for patients with COPD, depending on the disease severity. 3 In Canada, the Canadian Thoracic Society (CTS) has issued recommendations for the pharmacological management of COPD to reduce symptoms and prevent exacerbations. The recommended therapy is long-acting bronchodilator monotherapy for mild disease, dual bronchodilation (with LABA and LAMA) for more severe disease, and finally triple therapy (with LABA/ICS and LAMA), if increasing disease burden is characterized by frequent exacerbations, with elevated peripheral blood eosinophils, a history and/or concomitant asthma. [4] [5] [6] However, real-life assessments of clinical practice have documented not only that a significant proportion of patients remain symptomatic despite bronchodilator monotherapy but also that ICS-containing maintenance medications are overprescribed in COPD patients, especially in those who are at low risk of exacerbations and mainly treated with LABA/ ICS fixed-dose combinations (FDCs). [7] [8] [9] [10] The long-term use of ICS in COPD patients increases the risk of significant side effects such as pneumonia, osteoporosis, and mycobacterial disease. 11 Considering the recurrent symptom burden despite treatment, the risk-to-benefit ratio associated with the chronic use of ICS in COPD, 12 as well as the recent evidence that ICS withdrawal has limited effect on lung function and health status, maintenance treatment with an LABA/LAMA dual bronchodilator has become an optimal treatment approach for the majority of patients with symptomatic COPD, especially those at low risk of exacerbations and without a documented asthma-COPD overlap. 11, 13, 14 The efficacy and tolerability of once-daily (od) indacaterol/ glycopyrronium (IND/GLY; 110 µg/50 µg) vs placebo and/or active therapies are established in patients with moderateto-very-severe COPD on the basis of pivotal randomized controlled trials (RCTs). [15] [16] [17] [18] Collectively, these studies demonstrated the superiority of IND/GLY compared with placebo and also compared with LAMA monotherapy and LABA/ ICS combination therapy. However, real-world studies are needed to investigate LABA/LAMA effectiveness after a direct treatment switch in the clinical setting. 19 Prospective cohort study for the real-life effectiveness evaluation of glycOpyrronium With indacatERol combination in the management of COPD in Canada (POWER) was a 16-week Canadian study, which aimed at evaluating the real-life effectiveness of a direct switch from usual treatment, either with od tiotropium 18 µg (LAMA) or with a twice-daily (bid) FDC of salmeterol/fluticasone (SFC, at any dose), to open-label IND/GLY in terms of lung function, dyspnea, and impact on health status by strictly enrolling symptomatic COPD patients with moderate-to-severe airflow limitation at low risk of exacerbation and not previously treated with a LAMA, plus a LABA and an ICS triple maintenance therapy. In this context, POWER assessed COPD patients' benefits of escalating treatment from either LAMA or LABA/ICS to IND/GLY in the real-life setting.
Methods

study design
This was a real-life, multicenter, post-approval, prospective, 16-week interventional, open-label, single-arm study conducted in 45 primary (community general practitioners) and secondary (community specialists) centers from the provinces of Ontario and Quebec, Canada. Patients who consented and fulfilled all inclusion/exclusion criteria were instructed to interrupt their ongoing maintenance treatment regimen for 24 hours for patients on od tiotropium (18 µg via Handihaler device; Boehringer Ingelheim, Ingelheim, Germany), or 12 hours for patients on bid SFC FDC (any dose, any device; GlaxoSmithKline plc, London, UK), to allow baseline assessment. At randomization, all patients received open-label maintenance treatment with an FDC of IND/GLY 110/50 µg (Novartis Pharma AG, Basel, Switzerland) over a 16-week active treatment period. Clinical effectiveness and safety outcomes were collected at Weeks 4, 12, and 16. After the end of the 16-week active treatment period, a 30-day safety follow-up was completed for all patients (Figure 1 ). The study was sponsored by Novartis International AG and was performed according to the Declaration of Helsinki and the International Conference on Harmonization and Good Clinical Practice guidelines. The protocol was approved by an independent organization, ie, central ethics committee for all the participating sites (IRB Services, Aurora, Ontario, Canada). All patients provided written informed consent (ClinicalTrials.gov number: NCT02202616).
Patients
The study included patients aged .40 years, with physiciandiagnosed COPD as per the GOLD 2011 criteria, a moderateto-severe airflow limitation indicated by a pre-dose trough FEV 1 $30 and ,80% of predicted, a smoking history of .10 pack-years, an ongoing maintenance treatment with either tiotropium 18 µg od or SFC FDC bid (with no restriction on 
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Moderate-to-severe COPD patients switched to InD/glY in real life the prescribed dose) for a minimum of 6 weeks while demonstrating persistence of COPD, and impact on their health status/symptoms with a COPD assessment test (CAT) score of .10. Patients enrolled in POWER received treatment with IND/GLY as per the Canadian product monograph. Patients were excluded from the study if they formerly received maintenance triple therapy (with a LABA, a LAMA, and an ICS) for COPD, had a diagnosis/history of asthma, or had two or more moderate-to-severe exacerbations during the 12 months prior to study enrolment. A moderate COPD exacerbation was defined by requirement for the treatment with systemic corticosteroids and/or antibiotics, and a severe COPD exacerbation was defined by hospitalization, including an emergency room visit of longer than 24 hours. 20 
end points and outcomes measured
The primary effectiveness end point was the absolute change from baseline in pre-dose trough FEV 1 after 16 weeks of treatment. Secondary effectiveness end points included change in pre-dose trough FEV 1 between baseline and 4 weeks of treatment, change in the CAT score after 4 and 16 weeks of treatment vs baseline, and change from baseline in dyspnea index (transition dyspnea index [TDI]) at Weeks 4 and 16. Finally, safety was assessed by monitoring adverse events (AEs) and serious AEs (SAEs) during the study and the follow-up period.
statistical analyses
Effectiveness end points were analyzed in the intentionto-treat (ITT) population, which included all patients who received the study treatment and had at least one postbaseline assessment. A confirmatory analysis of the primary effectiveness end point was performed in the per-protocol (PP) population, which comprised patients who completed the 16-week treatment period without any major protocol deviation. The 95% CIs of the change from baseline in primary and secondary effectiveness end points were used to assess the precision of the estimate and to make inferences to the target population. A subgroup analysis of the primary effectiveness analyses was conducted according to diseaserelevant baseline characteristics (ie, age, gender, GOLD stage, smoking status, and exacerbation history in the prior year). Safety set comprised patients who received at least one dose of IND/GLY and had at least one post-baseline visit.
Results
Demographics and baseline characteristics
Of the 401 patients screened in this study, 377 patients switched to IND/GLY and 338 patients belonged to the intent-to-treat group (248 from tiotropium and 87 from SFC FDC; three with unreported former medication). A total of 301 patients (75.1%) completed the study. Patient disposition is presented in Figure 2 . The most common reason for discontinuation was AEs. The majority of patients were men (55.9%), were Caucasian (97.6%), had a CAT score of moderate severity (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , and suffered from moderate COPD (66.9%). Demographic and baseline characteristics of patients are summarized in Table 1 .
Impact of a direct switch to InD/glY on lung function
In the ITT population, IND/GLY demonstrated a clinically meaningful and statistically superior mean improvement of 175 mL in trough FEV 1 at Week 16 after switching from tiotropium (change from baseline [Δ]=176 mL; 95% CI: 135-217; Figure 3 ) and SFC FDC (Δ=172 mL; Notes: Data are presented as means ± SD, unless specified otherwise. *COPD maintenance treatment was missing for 3 subjects. Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CaT, COPD assessment test; DPI, dry powder inhaler; pMDI, pressurized metered dose inhaler; FDC, fixed dose combination; FEV 1 , forced expiratory volume in 1s; ICs, inhaled corticosteroid; InD/glY, indacaterol/glycopyrronium; laBa, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist; N, number of patients in each treatment group; SD, standard deviation; SFC, salmeterol/fluticasone combination. Figure 5 ). Similarly significant improvements were observed with IND/GLY treatment at Week 4 for both groups of patients previously treated with tiotropium and SFC FDC (data not shown).
Impact of a direct switch to InD/glY on health status
Statistically significant improvements from baseline in the mean total CAT score were observed with IND/GLY treatment at both Weeks 4 and 16 for patients who switched Impact of a direct switch to InD/glY on lung function by subgroups Improvement in lung function 16 weeks after switching to IND/GLY was unrelated to gender, age, severity of COPD (between GOLD 2 and 4 spirometric criteria), and exacerbation history in the previous year. Of note, patients in GOLD 1 category did not show a significant change in lung function, which may be related to the smaller sample size and a better preserved baseline lung function of patients in that group (Figure 7) . Except for the smallest subgroup of GOLD 1, all other patient subgroups exhibited lung function improvements with effect sizes in the range of clinical significance ($100 mL change from baseline trough FEV 1 ). Men showed greater benefits than women; however, both genders presented with an average change in FEV 1 from baseline to Week 16 of at least 100 mL. Although both current and former smokers showed benefit in mean FEV 1 that exceeded 100 mL after switching, the benefit was greater in former smokers. Finally, comparisons between tiotropium and SFC (ie, previous COPD medication) subgroups in change from baseline to Week 16 in trough FEV 1 demonstrated no statistically significant treatment difference (TD) 
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Moderate-to-severe COPD patients switched to InD/glY in real life in terms of gender, age category, smoking history, severity of COPD, and exacerbation history in the previous year (ITT population; data not shown).
safety
IND/GLY was well tolerated in patients with moderate-tosevere COPD, who switched from tiotropium and SFC FDC. Treatment-emergent AEs were balanced between tiotropium and SFC starters ( Table 2 ). The most frequently reported AE was COPD (3.5%). Patients who switched from SFC reported more pneumonia AEs and SAEs than those formerly treated with tiotropium (five AEs and three SAEs for SFC vs two and one for tiotropium starters, respectively). Twelve patients (3.2%) experienced at least one SAE during the study, with the main SAEs being COPD and pneumonia. Of the four cases of pneumonia SAEs (three from patients formerly on SFC), two cases were investigated by chest X-ray, but only one was confirmed. There was no imbalance between 
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Kaplan et al tiotropium and SFC starters in the proportion of patients who discontinued the study due to an AE or an SAE. There were no patient deaths during the study, and no new safety signals were identified with IND/GLY treatment ( Table 2) .
Discussion
POWER is a real-world study demonstrating the effectiveness of IND/GLY in the management of symptomatic patients previously treated with tiotropium or SFC and is therefore highly relevant to clinical practice. Patients from the POWER study were formerly treated either with od tiotropium or with bid SFC FDC prior to enrolment and switched directly to open-label IND/GLY, reflecting a typical clinical practice approach. This study acknowledges the fact that many COPD patients experience persistent symptoms despite long-acting bronchodilator monotherapy, 21 as all patients initially presented with a CAT score of .10. Patients with moderate-to-severe COPD who remained symptomatic despite tiotropium or SFC FDC and who directly switched to IND/GLY showed significant improvements in lung function, dyspnea, and health-related quality of life. The effectiveness outcomes in the POWER study all exceeded the minimal clinically important difference (MCID) and were superior to those observed in published RCTs.
The primary objective of the POWER study was achieved by demonstrating an improvement in trough FEV 1 by IND/ GLY in patients who switched directly from either tiotropium or SFC to IND/GLY. A majority of patients reached the MCID of 100 mL for trough FEV 1 after switching to IND/GLY from previous treatments. Clinically relevant lung function improvements from baseline were seen as early as 4 weeks after treatment inception. Regardless of the former maintenance treatment, mean lung function benefits from the switch to IND/GLY exceeded MCID in all but one patient subgroup, namely the subset of patients with mild airflow limitation for which limited sample size precludes any extrapolation. The effect of IND/GLY on lung function has been well established in many clinical trials. 16, 18 However, differences in study design, ie, former treatment washout and in study populations, prevent any direct comparison with this study. For example, studies such as FLAME 16 and SPARK 20 compared IND/GLY to SFC 50/500 µg bid and tiotropium, respectively, both in patients with more advanced disease, ie, moderate to very severe airflow limitation and a history of exacerbation in the previous year. In the SHINE study, patients discontinued long-acting bronchodilators at least 14 days prior to randomization, whereas patients in POWER only skipped one dose of the former maintenance regimen prior to starting IND/GLY treatment the next morning. 18 As opposed to double-blind RCTs of IND/GLY vs SFC at a dose of 50/500 µg bid including ILLUMINATE, LANTERN, and FLAME, 15, 16, 22 a majority of SFC patients who switched to IND/GLY in POWER were on a lower dose of 50/250 µg bid, which may have contributed to the greater effect size observed. Finally, the 12-week CRYSTAL study, which was also a direct switch but active-controlled study, reported improvements in trough FEV 1 of 71 mL after switching to IND/GLY from LABA + ICS and 101 mL after switching from LABA or LAMA monotherapies. 23 Whether a direct switch back from dual bronchodilation to LAMA monotherapy or LABA/ICS FDC would lead to worsening in the measured clinical outcomes remains a matter of debate. There is insufficient evidence in stable COPD to determine whether treatment step-down can be safe and/or without reducing patient benefits; treatment step-down should only be considered in patients who did not benefit from previous step-up. 5 According to the GOLD 2017 strategy, escalation to long-acting dual bronchodilators may be considered if symptoms are not improved with existing monotherapy. 1, 22 However, LABA/ICS FDCs are not recommended as a preferred maintenance treatment choice for low-risk COPD patients with mild/moderate airflow limitations, as overuse of ICS is associated with AEs. 11 Interestingly, COPD patients formerly on SFC enrolled in POWER were mostly treated with ICS doses lower than 500 µg bid, which may reflect a clinical trend toward reducing ICS doses in consideration of the long-term side effect in COPD patients; however, ICS overuse is still widespread even in low-risk COPD patients. 9 A majority of patients (66.9%) in the POWER study had moderate airflow limitation. This study showed that IND/GLY was effective in improving dyspnea in patients who switched from tiotropium or SFC FDC. These findings support results from 26-week SHINE and ILLUMINATE studies where IND/GLY significantly improved the TDI vs tiotropium (TD=0.51 units) and SFC (TD=0.76 units). 15, 18 The average TDI improvement in POWER exceeded the MCID of $1 unit similar to that observed in the pragmatic, active-control CRYSTAL study. 23 Improvements in lung function, symptoms, and quality of life represent the major needs for patients with COPD. CAT is one of the most commonly used questionnaires for assessing the health-related quality of life in COPD patients. 24 As previously reported, IND/GLY treatment improves the quality of life in COPD patients. 23 Consistent with previously published data, POWER further validates those results, by demonstrating clinically relevant improvement in the CAT 
257
Moderate-to-severe COPD patients switched to InD/glY in real life score with IND/GLY treatment in patients who switched from tiotropium or SFC FDC, with average changes from baseline in the CAT score exceeding the MCID of two units. 25, 26 The POWER health status data are aligned with the DACCORD study, which also reported clinically meaningful benefits using the CAT total score in COPD patients who switched from monobronchodilation to dual bronchodilation. 27 IND/GLY was well tolerated in patients with moderateto-severe COPD, who switched from tiotropium and SFC FDC. Importantly, few discontinuations took place after the switch, and there was no imbalance between the rate of SFC or tiotropium patients who discontinued from the study due to AEs or SAEs; no significant imbalance in treatmentemergent AEs resulting from ICS withdrawal was observed. The most frequently reported AE was COPD, with no patient deaths reported and no new safety signals emerging from the study. The frequency of treatment-emergent SAEs and those requiring hospitalization or prolonged hospitalization was low but numerically greater among patients who switched to IND/GLY from SFC vs tiotropium (7.9% vs 1.5%, and 5% vs 0.7%, respectively). This signal may reflect the imbalance in COPD exacerbations and pneumonia, which occurred more frequently among SFC starters. Studies documented not only the risk of pneumonia associated with long-term ICS use but also time-dependent gradual waning of this risk after stopping ICS over approximately 6 months; 28 whether patients formerly on SFC could have carried an increased risk of pneumonia after the IND/GLY switch remains unclear.
This study was designed to complement previous RCTs, by providing information on a direct switch to IND/GLY under routine clinical practice conditions, and some limitations should be noted. First, the study could not fully reflect real-world clinical practice as study subjects were enrolled based on a set of inclusion/exclusion criteria reported earlier. Nevertheless, the POWER inclusion/exclusion criteria reflected the Canadian product monograph and aimed at limiting confounding factors that could have influenced the study outcomes. Second, the open-label single-arm study design inherently includes the risk of response bias, especially applicable to self-reported patient-reported outcomes such as dyspnea and health status scores. However, the primary effectiveness outcome of change from baseline in trough FEV 1 is less subject to bias. The short study duration also precludes extrapolation of the impact of this switch from LAMA (tiotropium) or especially from LABA/ICS (SFC) to IND/GLY, considering the potential withdrawal effect from the ICS component. A majority of patients enrolled in POWER were formerly on tiotropium monotherapy (73%), which limits our ability to draw conclusion for subjects formerly on SFC. Nevertheless, our results are consistent with the 6-month real-life OPTIMO switch study, which similarly suggested that low-risk COPD patients on LABA/ICS could be safely withdrawn from an ICS therapy and switched to maintenance bronchodilator therapy. 13 Moreover, withdrawal of ICS in patients with severe COPD in the WISDOM study resulted in no impact on exacerbation within the 9-month period after complete ICS withdrawal.
14 In line with the GOLD 2017 consensus document, the CTS COPD management guideline does not recommend LABA/ICS maintenance therapy in the absence of a LAMA. 4 This contrasts with the GOLD 2017 report, which keeps LABA/ICS as an alternative choice to LABA/LAMA in GOLD group C patients not adequately controlled with LAMA monotherapy. 3 Interestingly, in patients with moderate COPD and heightened cardiovascular risk, treatment with LABA/ICS FDC vilanterol/fluticasone furoate did not affect mortality or cardiovascular outcomes; 29 in this study, LABA/ICS reduced lung function decline vs placebo, but results should be interpreted with caution given the primary and other secondary end points were not met. The common prescription of ICS-containing maintenance medications in low-risk COPD patients 10 may be a result of inappropriate use of spirometry and lack of differential diagnosis of asthma and COPD, which may explain why some patients in POWER formerly received SFC at doses typically recommended for asthma.
The POWER study preceded the emergence of baseline blood eosinophils as a potential biomarker to assess the benefit-to-risk ratio of ICS-containing treatment regimen in patients with COPD; 30, 31 blood eosinophil data are not available. The FLAME study showed that there is no eosinophil cutoff at which IND/GLY was inferior to SFC in terms of exacerbation prevention. 32, 33 Post hoc and prospective data from ICS withdrawal studies, 34, 35 respectively, suggested that COPD patients with peripheral blood eosinophils .300 cells/µL and a former history of frequent exacerbation had more exacerbations when ICS was withdrawn in a stepwise fashion and that patients without a history of frequent exacerbation while on long-term triple therapy exacerbated more when abruptly de-escalated from their ICS if their blood eosinophils were .300 cells. In the SUNSET study, these patients represented about 20% of the patients formerly receiving a LAMA + LABA/ICS. 35 Assessing the clinical value of blood eosinophil biomarker in the real-life setting and its potential association with pneumonias and/ or exacerbations after ICS withdrawal is certainly desirable.
This study supports that a switch to dual bronchodilation is an appropriate strategy for the management of patients with moderate-to-severe COPD at low risk, but with persistent symptoms despite LAMA or LABA/ICS therapy. 7, 9 Studies have recently reported some benefits of triple therapy FDC in low-risk COPD patients vs LABA/ICS FDC. [36] [37] [38] Besides, benefits of triple therapy FDC beyond LABA/LAMA FDC were mainly described in patients with a history of frequent exacerbations 39 and those with one or more exacerbation and severe airflow limitation; 40 however, designs (abrupt ICS withdrawal effects) and patient populations (with/without former asthma history) from these studies were suspected to influence results. 41, 42 ICS withdrawal should always be considered with caution and on a case-by-case basis: ICS as an add-on to LABA + LAMA benefited to a subgroup of COPD patients, especially those with frequent exacerbations despite dual bronchodilator use, particularly if blood eosinophils are .300 cells/µL and a history of and/or concomitant asthma. 6 One should note that recent evidence on the benefits of ICS add-on or triple therapy beyond IND/GLY exceeds the scope of this study and is better addressed by SUNSET; 35 POWER strictly excluded all patients formerly receiving LAMA plus LABA/ICS triple therapy. Patients with COPD and a history of frequent exacerbations were also excluded from this study; therefore, POWER was not designed to assess the benefits from the IND/GLY 16, 20 or other dual bronchodilators 43 in exacerbation-prone patients. In line with the GOLD 2017 strategy and the CTS recommendations, the POWER results further support LAMA or LABA/ ICS to IND/GLY step-up in bronchodilation in patients who remain symptomatic according to the CAT score.
Conclusion
In the POWER study, a real-life switch to IND/GLY demonstrated clinically relevant improvements in lung function, dyspnea, and health-related quality of life after 16 weeks of treatment in symptomatic patients with moderate-to-severe COPD formerly treated with tiotropium monotherapy or SFC FDC. IND/GLY switch was well tolerated, with no new safety signals emerging from the study. Given the clinical effectiveness outcomes seen in this single-arm study exceeded both the MCID and the results observed in previous RCTs, the POWER study further reinforces the choice of IND/GLY over LAMA monotherapy or SFC FDC for patients with COPD and persistent symptoms.
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